The purpose of this study was to determine the effects of prone and supine positioning on the cardiorespiratory stability of preterm infants with apnea and bradycardia.
The effects of positioning of infants on physiological and pathophysiological processes have become a focus of research during the last decade. This immense interest in the effects of positioning of infants stems primarily from the decrease in the rate of sudden infant death syndrome reported with non-prone positioning.
1,2 The incidence of sudden infant death syndrome in the United States has decreased since the 1992 recommendation by the American Academy of Pediatrics to place healthy term infants in a non-prone position for sleep. [1] [2] [3] However, improved oxygenation and decreased incidence of gastroesophageal reflux have been observed in infants in the prone position. 4 -7 The aim of our study was to determine the effects of positioning on the cardiorespiratory stability of symptomatic preterm infants by documenting the occurrence of apnea, bradycardia, and oxygen desaturation in both supine and prone positions.
METHODS

Subjects
Infants of Ͻ34 weeks' gestation at birth with symptomatic apnea or bradycardia were eligible for the study. They were excluded from the study if they had any condition that precluded them from being placed either prone or supine (e.g., gastroschisis and meningomyelocele, respectively). Infants were not studied for at least 24 hours following extubation or discontinuation of continuous positive airway pressure. All infants were clinically stable at the time of the evaluation. The study was approved by the Institutional Review Board, and parental consent was obtained for each infant before the initiation of the study.
Study Design
Infants were studied using a randomized crossover design. Each infant was studied in 6-hour blocks in a prone and supine position for a continuous 24-hour period. The initial position was randomly assigned, and prone and supine positions were subsequently alternated. The infants remained in the assigned position with the exception of the time required for routine nursing assessments and feedings. They were placed in the prone position with their face to the side, whereas in the supine position they were allowed to assume their natural position.
Data Collection
Heart rate and respiration were monitored using standard paste-on electrodes connected to a cardiorespiratory monitor with event-recording capability (Edentec Assurance 2000; Edentec, Minneapolis, MN). Oxygen saturation was measured with a pulse oximeter (Nellcor 200; Nellcor, Hayward, CA), which was interfaced with the event-recording monitor. Event recordings were triggered by any episode of apnea of Ն10 seconds, by a heart rate of Ͻ100 beats per minute (bpm), and
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by oxygen saturation at Ͻ90%. One investigator reviewed all recorded wave forms to determine their validity, excluding false events from further analysis. Because hypopneic episodes could not be distinguished from obstructed breaths based on impedance monitoring, only episodes of central apnea were analyzed. Oxygen desaturation during apnea and hypoventilation is a gradual event. Therefore, any instantaneous severe drops in oxygen saturation were considered to be artifacts. True episodes of bradycardia were determined by reviewing electrocardiogram wave form during the alarm. Episodes were categorized as mild or as clinically significant. Clinically significant episodes were defined as apnea for Ն15 seconds, a heart rate of Ͻ90 bpm, or oxygen saturation at Ͻ80%. All other episodes were considered to be mild.
Statistical Analysis
The Statistical Package for Social Sciences (version 7.0) (SPSS, Inc., Chicago, IL) statistical program was used for data analysis. Statistical significance for differences between prone and supine positioning was determined using the paired Student's t-test and the sign test. A p value of Ͻ0.05 was considered significant.
RESULTS
A total of 22 premature infants with a mean gestational age (by Ballard examination) of 26.9 Ϯ 1.8 weeks were studied. Their characteristics are summarized in Table 1 . Their mean birth weight was 865 Ϯ 235 gm. At the time of the study they weighed 1204 Ϯ 391 gm and had a mean postconceptional age of 31.9 Ϯ 3.0 weeks. Of the 22 infants, 10 were male and 12 females. A total of 16 infants were receiving methylxanthine, and 4 infants were receiving both methylxanthine and doxapram for the treatment of apnea. There was no change in the dosage of respiratory stimulant(s) for at least 24 hours before or during the study. A total of 16 infants had been treated for respiratory distress syndrome with mechanical ventilation and surfactant administration. Thirteen infants were receiving supplemental oxygen at that time of the study. Seven infants had bronchopulmonary dysplasia (supplemental oxygen requirement of Ն28 days). None of the infants required a work-up for sepsis during the study period or in the 24 hours immediately preceding the study. A total of 564 episodes of apnea, 470 episodes of bradycardia, and 1087 episodes of oxygen desaturation were considered valid. The overall incidence of apnea was not different between the prone and supine position ( p Ͼ 0.05; Table 2); however, the incidence of mild episodes of apnea was greater in the prone position ( p Ͻ 0.05). No difference in the incidence of clinically significant episodes of apnea was found between the two positions ( p Ͼ 0.05). Duration of longest apnea was similar between prone and supine positions (26.8 Ϯ 14.4 seconds versus 31.5 Ϯ 16.1 seconds).
No positional difference was noted in the overall incidence of bradycardia ( p Ͼ 0.05; Table 2 ). Furthermore, there was no difference in the incidence of mild or clinically significant episodes of bradycardia between prone and supine positions ( p Ͼ 0.05). Both the duration of bradycardia and the lowest heart rate (61.7 Ϯ 17.5 bpm versus 58.0 Ϯ 15.5 bpm) were also similar in the two positions.
The overall incidence of oxygen desaturation was greater in the supine position compared with the prone position ( p Ͻ 0.05; Table  2 ). This difference was primarily due to an increased incidence of mild desaturation in the supine position ( p Ͻ 0.05), because there was no difference in the incidence of clinically significant episodes of desaturation between the prone and supine position ( p Ͼ 0.05). The lowest oxygen saturation in the prone position (62.5 Ϯ 13.8) was not different from that in the supine position (58.8 Ϯ 14.6). A comparison of the effects of prone and supine positioning in individual infants revealed similar results. In the supine position, apneic episodes increased in five infants, decreased in nine infants, and remained unchanged in eight infants. Episodes of bradycardia increased in 6 infants, decreased in another 6, and was unchanged in 10 infants. Desaturation episodes increased in the supine position in 12 infants and decreased in 5 infants; no change was seen in the remaining 5 infants. None of these differences were statistically significant ( p Ͼ 0.05). A total of 35 episodes of apnea and bradycardia in the prone position and 32 episodes in the supine position were terminated with the aid of tactile stimulation.
We also compared the clinically significant episodes of apnea, bradycardia, and oxygen desaturation among the infants with bronchopulmonary dysplasia. Again, no significant differences ( p Ͼ 0.05) with respect to apnea, bradycardia, and oxygen desaturation were observed between the two positions.
DISCUSSION
The question addressed by the present study is whether the cardiorespiratory stability of preterm infants with symptomatic apnea is affected significantly by positioning. Specifically, the study was designed to determine whether supine positioning increases the frequency of clinically significant episodes of apnea, bradycardia, and/or desaturation in these infants. The results of our study showed no difference between prone and supine positioning with respect to clinically significant apnea, bradycardia, or desaturation. However, the infants in our study developed more episodes of mild desaturation in the supine position. These results are consistent with the improved oxygenation in the prone position that has been reported by several groups of investigators. [5] [6] [7] [8] An increase in arterial oxygen tension has been demonstrated in the prone position in adult patients requiring ventilatory assistance. 5 Subsequent studies in preterm infants have confirmed similar increases in arterial oxygen tension in the prone position compared with the supine position. 6, 9 The increased incidence of desaturation in the supine position does not appear to be due to apnea, because the incidence of mild apnea was higher in the prone position. These mild desaturations may be explained by decreased ventilatory effectiveness, hypopnea, and/or hypoventilation. Asynchronous chest wall movement in the supine position has been demonstrated in preterm infants. 10 This decreased asynchronous chest wall movement in the prone position may enhance the ventilation/perfusion ratio, resulting in improved oxygenation. 6 In addition, neonates recovering from respiratory disease also show an increase in arterial oxygen tension, dynamic lung compliance, and tidal volume in the prone position. 9 Improvement in arterial oxygen tension and tidal volume in the prone position has been documented in infants with chronic lung disease as well. 8 Several groups of investigators have studied the effects of positioning on the incidence and type of apnea.
11-13 Orr et al. 13 found that neither sleep position nor sleep state affected the rate or duration of apnea or its association with cyanosis in infants. In contrast, Heimler et al. 11 and Kurlak et al. 12 found an increase in the incidence of apnea in the supine position. The former found that the increase in apnea was primarily central, whereas the latter reported an increase in the incidence of central and mixed apnea. 11, 12 Moreover, mixed apnea constituted the majority of the clinically significant episodes. 12 Because air flow was not measured in our study, a distinction between the different types of apnea was not made. We found no increase in the incidence of clinically significant apnea in the supine position. It is unlikely that we underestimated the incidence of prolonged apnea, because we did not see an increase in the incidence of clinically significant bradycardia and desaturation in the supine position. In fact, the incidence of clinically significant bradycardia and desaturation were similar in both positions.
The lack of positional difference in clinically significant episodes of apnea, bradycardia, or desaturation suggests that the cardiorespiratory stability of preterm infants is not adversely affected by the supine position. This finding may have relevance to our clinical practice. At present there is a reluctance to place premature infants in a supine position because of the slight benefit in oxygenation in the prone position. Only infants with marginal oxygen saturation would benefit from prone positioning. Preterm infants with adequate oxygenation under baseline conditions would not appear to be compromised with supine positioning.
There has been a decrease in the incidence of sudden infant death syndrome since the recommendation in 1992 by the American Academy of Pediatrics 1992 that healthy term infants be placed in a non-prone position for sleep. [1] [2] [3] An exception was made for preterm infants and infants with gastroesophageal reflux because of the potentially detrimental effect of supine positioning on their cardiorespiratory system. The European Society of Gastroenterologists now advocates the supine position for infants with mild to moderate gastroesophageal reflux. 7 They believe that the benefits of the supine position outweigh the risk in this group of infants. Similarly, the American Academy of Pediatrics revised their recommendation in 1996 2 to include healthy premature infants. A recent study of asymptomatic preterm infants found no difference in the occurrence of clinically significant apnea, bradycardia, or oxygen desaturation between prone and supine positions. 14 These results suggest that it may be prudent to reevaluate our policy for symptomatic preterm infants, especially those approaching discharge. Further study is warranted before the supine position can be routinely advocated for these infants.
